The cover illustration shows the following: the mechanical coupling of the guinea pig outer hair cells to the reticular lamina at the top and to Deiters' cells at the bottom (top left, middle centre and bottom right; see Frolenkov, The exquisite sensitivity of the cochlea, which mediates the transduction of sound waves into nerve impulses, depends on the endocochlear potential and requires a highly specialized environment that enables and sustains sensory function. Disturbance of cochlear homeostasis is the cause of many forms of hearing loss including the most frequently occurring syndromic and non-syndromic forms of hereditary hearing loss, Pendred syndrome and Cx26-related deafness. The occurrence of these and other monogenetic disorders illustrates that cochlear fluid homeostasis and the generation of the endocochlear potential are poorly secured by functional redundancy. This review summarizes the most prominent aspects of cochlear fluid homeostasis. It covers cochlear fluid composition, the generation of the endocochlear potential, K + secretion and cycling and its regulation, the role of gap junctions, mechanisms of acid-base homeostasis, and Ca 2+ transport.
Introduction
Of all the organs in the body, the cochlea secretes the most unusual extracellular fluid, endolymph, and generates the largest transepithelial voltage, the endocochlear potentialall to enable and sustain the most impressive mechanoreceptor, the hair cell. This review is focused on the first two fascinating superlatives, cochlear fluid homeostasis and the generation of the endocochlear potential. Other recent reviews have focused on hereditary hearing losses (Petit et al. 2001) , cochlear fluid volume regulation (Salt, 2001) , age-related hearing loss (Gates & Mills, 2005) , ototoxicity (Rybak & Whitworth, 2005) and noise trauma (Henderson et al. 2006) .
Inner ear fluids
Three extracellular fluids have been identified in the cochlea: endolymph, perilymph and intrastrial fluid (Table 1 ; Wangemann & Schacht, 1996) . Endolymph fills scala media of the cochlea (Fig. 1) . Intrastrial fluid fills the small extracellular spaces within stria vascularis. Perilymph fills scala vestibuli and scala tympani and is continuous with all extracellular spaces of the cochlea except those that are filled with blood, endolymph or intrastrial fluid.
Endolymph is enclosed by a heterogeneous epithelium that consists in the cochlea of about 12 different epithelial cell types that include the sensory hair cells. Endolymph is an unusual extracellular fluid in that its composition is reminiscent of an intracellular fluid. K + provides the major charge carrier for sensory transduction and is an ideal charge carrier, since it is by far the most abundant ion in the cytosol. Relative changes in the cytosolic ion composition due to transduction currents are smaller for K + than they would be for Na + , and both K + influx into and efflux from the sensory cells can occur passively down the electrochemical gradient, which limits the metabolic requirements. The major driving force for sensory transduction is generated by stria vascularis, a densely vascularized epithelium in the lateral wall of the cochlea. The metabolic demand for the generation of this driving force requires a dense capillary network for the delivery of O 2 and glucose and the removal of CO 2 . Spatial separation between stria vascularis (as the source of the transduction current) and organ of Corti (housing the sensory transducer) has the advantage that the highly sensitive mechanosensor is somewhat isolated from low frequency vibrations associated with flowing blood in capillaries.
Endolymph is not only an unusual extracellular fluid for its high K + and low Na + concentration but also for its low Ca 2+ concentration, high HCO 3 − concentration and low protein content. The significance of the high HCO 3 − concentration may be related to the need for pH buffering. The low Ca 2+ concentration is critical for sensory transduction in the cochlea. Ca 2+ enters the hair For references, see Wangemann & Schacht (1996) bundle together with K + and is necessary for the generation of the mechano-electrical transduction current as well as for adaptation of the transduction mechanism (Ricci & Fettiplace, 1998; Holt & Corey, 2000) .
The endocochlear potential
The main driving force for sensory transduction is provided by the endocochlear potential, which is generated by stria vascularis (von Békésy, 1950; Davis, 1953; Wangemann, 2002) . Stria vascularis is functionally a two layered epithelium as shown in Fig. 2 , with cells forming both barriers by tight junctions (Jahnke, 1975) . Tight junctions among basal cells define an inner membrane facing the intrastrial space and an outer membrane facing spiral ligament. The inner membrane is connected to strial intermediate cells via gap junctions comprised of Gjb2 (Cx26) and Gjb6 (Cx30), which ensure that intermediate cells are electrically a part of the basal cell barrier (Kikuchi et al. 1995; Lautermann et al. 1998; Xia et al. 1999 Xia et al. , 2001 ). The outer membrane of basal cells is connected by gap junctions to fibrocytes of the spiral ligament. This complicated architecture is a prerequisite for the generation of the endocochlear potential.
The endocochlear potential is essentially a K + equilibrium potential that is generated by the K + channel Kcnj10 (Kir 4.1) located in the intermediate cells of stria vascularis in conjunction with the very low K + concentration of intrastrial fluid and a normally high K + concentration in the cytosol of intermediate cells Marcus et al. 2002) . Consequently, the endocochlear potential can be measured across the basal cell barrier (Salt et al. 1987) . Strial marginal cells contribute to the generation of the endocochlear potential in that they keep the K + concentration in the intrastrial fluid spaces extremely low (Marcus et al. 1985; Wangemann et al. 1995; Takeuchi et al. 2000) . Similarly, spiral ligament fibrocytes, which are endowed with K
+ is the major charge carrier for sensory transduction and for the generation of the endocochlear potential (Konishi et al. 1978; Johnstone et al. 1989; Zidanic & Brownell, 1990) . K + in endolymph is driven by the endocochlear potential into the sensory hair cells via the apical transduction channel and out into perilymph via basolateral K + channels including Kcnq4 (mediates the current I K,n ), Kcnn2 (I SK2 ) and Kcnma1 (I K,f ) (Kros, 1996) . From perilymph, K + is taken up by fibrocytes of the spiral ligament from where it diffuses into strial intermediate cells. K + is released from the intermediate cells into the intrastrial space via the KCNJ10 K + channel that generates the endocochlear potential . Other K + channels may contribute to the delivery of K + into the intrastrial space (Takeuchi & Irimajiri, 1996; Nie et al. 2005) . From the intrastrial space, K + is taken up by strial marginal cells and secreted into endolymph (Wangemann et al. 1995) . Uptake occurs via the Na + -2Cl − -K + cotransporter Slc12a2 and the Na + ,K + -ATPase Atp1a1/Atp1b2 and secretion across the apical membrane into endolymph occurs via the K + channel Kcnq1/Kcne1 (mediates I sK ) (Shen et al. 1997; Sunose et al. 1997) . Cl − is recycled through the basolateral membrane via Cl − channels Clcnka (Clck-1), Clcnkb (Clck-2) and Bsnd (barttin) Sage & Marcus, 2001 al. 2001; Birkenhager et al. 2001; Schlingmann et al. 2004) .
Most segments of K + cycling are well established and generally accepted including the pathway through stria vascularis and through hair cells. Two concepts, however, are presented for the pathway between perilymph and fibrocytes of the spiral ligament. Supported by flux and current measurements is the concept that K + enters perilymph and flows through perilymph toward spiral ligament (Zidanic & Brownell, 1990; Salt & Ohyama, 1993 ). An alternative concept envisions that K + released from the hair cells is taken up by supporting cells in the organ of Corti and funnelled via a gap junction network toward the spiral ligament and stria vascularis as well as toward the spiral limbus toward yet-undefined sites of K + secretion (Spicer & Schulte, 1996) . Cellular uptake of K + has been envisioned to occur via KCl transporters in supporting cells of the organ of Corti. The transport direction of KCl transporters, however, is generally outwardly directed given the usual stoichiometry and ionic gradients, which precludes their involvement in an uptake of K + . In addition, the gap junctions Gjb2 (Cx26) or Gjb6 (Cx30) have been shown not to be essential for the generation of a normal endolymphatic K + concentration and a normal cochlear endolymph volume, which argues against a necessary role of the funnel mechanism (Cohen-Salmon et al. 2002; Teubner et al. 2003) .
Reabsorptive pathways contributing to K + cycling are not limited to the pathway through the hair cells. Part of the current that is generated by stria vascularis is carried through the outer sulcus and through Reissner's J Physiol 576.1 membrane (Zidanic & Brownell, 1990; Salt & Ohyama, 1993) . The outer sulcus has been shown to mediate Na + and K + absorption (Marcus & Chiba, 1999 ) and Reissner's membrane has been shown to be involved in Na + absorption from endolymph (Lee & Marcus, 2003) .
The essential elements of K + secretion
Several of the transporters involved in K + secretion and the generation of the endocochlear potential are essential in that their absence leads to a cessation of K + secretion, a collapse of the endolymphatic compartment, and failure to generate the endocochlear potential.
The K + channel Kcnq1/Kcne1 is essential for K + secretion across the apical membrane of strial marginal cells and their equivalent, vestibular dark cells, in the vestibular labyrinth (Marcus & Shen, 1994; Wangemann et al. 1995) . K + secretion fails in mice that lack functional Kcnq1 or Kcne1 and endolymphatic spaces appear collapsed (Vetter et al. 1996; Lee et al. 2000; Letts et al. 2000; Casimiro et al. 2001) . Severe mutations of Kcnq1 or Kcne1 cause Jervell and Lange-Nielsen syndrome, which is a rare autosomal recessive disease characterized by profound sensory-neural deafness and prolonged QT-intervals of the cardiac action potentials (Schulze-Bahr et al. 1997; Wang et al. 2002) . The endolymphatic space of patients suffering from Jervell and Lange-Nielsen syndrome appears collapsed as observed in mouse models (Friedmann et al. 1966) . Jervell and Lange-Nielsen syndrome precipitates arrhythmias, especially during exercise or emotional stress, that can lead to syncope and even sudden death in otherwise healthy individuals. Less severe mutations of Kcnq1 and/or Kcne1 lead to Romano-Ward syndrome, which is a more frequently observed autosomal dominant disease consisting of long-QT syndrome without deafness.
The Na + -2Cl − -K + cotransporter Slc12a2 is expressed in strial marginal cells as well as in fibrocytes of the spiral ligament and in vestibular dark cells Wangemann & Marcus, 1990; Mizuta et al. 1997; Crouch et al. 1997) . Slc12a2 is essential for the uptake of K + from cochlear and vestibular perilymph as well as for uptake of K + from the intrastrial space, which is essential for the generation of the endocochlear potential. Inhibition of Slc12a2 with loop-diuretic abolishes the endocochlear potential (Kusakari et al. 1978) . K + secretion fails in mice that lack Slc12a2, and endolymphatic spaces appear collapsed (Dixon et al. 1999; Delpire et al. 1999; Flagella et al. 1999) .
The Na + ,K + -ATPase subunits Atp1a1 and Atp1b1 or Atp1b2 are expressed in the basolateral membrane of vestibular dark cells and strial marginal cells as well as in fibrocytes of the spiral ligament (Schulte & Adams, 1989; McGuirt & Schulte, 1994) . The Na + ,K + -ATPase takes up K + with high affinity and drives further uptake of K + via the Na + -2Cl − -K + cotransporter Wangemann et al. 1995) .
The K + channel Kcnj10 is expressed in intermediate cells of stria vascularis (Ando & Takeuchi, 1999) . The onset of expression during postnatal development parallels the generation of the endocochlear potential (Hibino et al. 2004) . Kcnj10 was pharmacologically identified as the channel that generates the endocochlear potential (Marcus et al. 1985; Takeuchi & Ando, 1998b) and furthermore mice that lack Kcnj10 also lack the endocochlear potential . Kcnj10 is not only essential for the generation of the endocochlear potential but provides a major, although not an essential, pathway for K + cycling. The endolymphatic volume and endolymphatic K + concentration in mice lacking Kcnj10 were found to be partly reduced, whereas the vestibular endolymphatic volume and K + concentration, which do not depend on Kcnj10, were normal .
Regulation of K + cycling
Secretory and reabsorptive mechanisms across the heterogeneous epithelia enclosing scala media need to be well balanced to maintain a constant fluid volume. Failure to maintain this balance will result in an enlargement of the endolymphatic compartment as seen in Menière's disease and Pendred syndrome or result in a collapse of scala media as seen in Jervell and Lange-Nielsen syndrome (Yamakawa, 1938; Friedmann et al. 1966; Johnsen et al. 1986) . Whether the volume of scala media is detected in the cochlea and where this sensor is located is still unclear. Secretory and reabsorptive mechanisms also need to be well tuned to maintain the intrastrial space. Failure to balance release of K + by intermediate cells and transepithelial K + secretion by strial marginal cells can lead to an accumulation of K + in the intrastrial fluid space and thereby abolish the endocochlear potential. K + secretion by strial marginal cells and vestibular dark cells is exquisitely sensitive, responding to 1 mm changes in the K + concentration of the extracellular fluid bathing the basolateral membrane . Thus, the K + secretory cells appear to be the sensors as well as effectors in the control of the K + concentration at their basolateral side. K + cycling is modified by acoustic stimulation. Acoustic overstimulation causes a temporary threshold shift, reduces the endocochlear potential and the endolymphatic K + concentration and alters the K + efflux pathway from endolymph to perilymph (Salt & Konishi, 1979; Thorne et al. 2004) . Sound stimulation releases ATP into endolymph and perilymph, which initiates protective mechanisms (Munoz et al. 2001) . ATP released into endolymph stimulates P2X receptors in outer hair cells, Reissner's membrane and outer sulcus cells and activates reabsorptive pathways for K + that provide a shunt to reduce the current density through the sensory hair cells (King et al. 1998; Lee et al. 2001; Zhao, 2005) . In addition, ATP released into perilymph activates P2X receptors in the basolateral membrane of outer hair cells (Housley et al. 1999; Zhao et al. 2005) . P2X receptors reduce outer hair cell motility, which dampens the cochlear amplifier and thereby limits the mechanical stimulation of the sensory cells. Further, ATP activates P2Y4 receptors in the apical membrane of strial marginal cells, which reduces the rate of K + secretion and can be expected to reduce the endocochlear potential .
Physical and emotional stresses via the stress hormones noradrenaline and adrenaline enable a number of organ-specific responses that support a 'fight or flight reaction' mediated by β-adrenergic receptors. For example, β 1 -adrenergic receptors increase the rate and force of the heart beat and β 2 -adrenergic receptors open and moisturize airways and eyes. It is thus not surprising that hearing is prepared for a successful 'fight or flight reaction' . β 1 -Adrenergic receptors have been found in the organ of Corti, in the outer sulcus and in stria vascularis of the cochlea (Fauser et al. 2004) . Evidence is emerging that supports the concept that noradrenaline accelerates K + cycling in the cochlea and the vestibular labyrinth. Noradrenaline stimulates the rate of K + secretion in strial marginal cells Wangemann et al. 2000) . Further, outer hair cells appear to contain β 1 -adrenergic receptors and cAMP has been shown to stimulate the basolateral channels including the K + channel Kcnq4 (Jagger & Ashmore, 1999) . Functional β 2 -adrenergic receptors have also been identified in the spiral ligament (Schimanski et al. 2001) . It is conceivable, but has not yet been demonstrated, that β 2 -adrenergic receptors stimulate the uptake of K + via the Na + ,K + -ATPase and the Na + -2Cl − -K + cotransporter Slc12a2 in spiral ligament fibrocytes.
Gap junctions
Two gap junction systems are generally distinguished in the cochlea (Kikuchi et al. 2000) . One system includes the supporting cells of the organ of Corti and the inner and outer sulcus epithelial cells. The other system includes strial intermediate and basal cells as well as fibrocytes of the spiral ligament. Although most cells in the cochlea are connected by gap junctions, there are notable exceptions including inner and outer hair cells and strial marginal cells (Takeuchi & Ando, 1998a; Kikuchi et al. 2000) .
Gap junctions, especially Gjb2 (Cx26) and Gjb6 (Cx30), which connect intermediate and basal cells of stria vascularis, are critically important for the generation of the endocochlear potential and therefore essential for hearing. Mutations of GJB2 are the most prevalent hereditary cause of childhood deafness (Zelante et al. 1997; Denoyelle et al. 1998) . Mice that lack functional expression of Gjb6 lack the endocochlear potential and are profoundly deaf. The endolymphatic K + concentration at the time of the onset of hearing is normal in these mice, illustrating that Gjb6 is not essential for K + cycling (Teubner et al. 2003) . Mutations of GJB6 are another prevalent cause of childhood deafness (Del Castillo et al. 2003) .
Although gap junctions may not be essential for K + cycling, they appear to be essential for sharing metabolites among cells (Matsunami et al. 2006) . Gap junctions formed from Gjb2, which harbours mutations that cause non-syndromic deafness, maintained ionic coupling but failed to exchange biochemicals . Metabolic coupling may be important in the lateral wall as well as in the organ of Corti in that the connected cells may provide a buffer system for HCO 3 − , free radicals, Ca 2+ and metabolites (Sun et al. 2005; Zhao, 2005) . Buffering of glutamate released from inner hair cells may depend on coupling between supporting cells. Glutamine synthase, a key enzyme in the detoxification of glutamate, is mainly expressed in the neighbours but not in the cells that express the glutamate uptake transporter Slc1a3 (Glast) (Eybalin et al. 1996) . Consequently, Slc1a3-expressing cells are the first to undergo apoptosis in mice that lack Cx26 in this region of the cochlea (Cohen-Salmon et al. 2002) . In addition to Gjb2 and Gjb6, Gja1 (Cx43), Gja7 (Cx45) and Gje1 (Cx29) have been found in the cochlea (Ahmad et al. 2003) . Gja1 and Gja7 are expressed in various cells of the developing mouse cochlea and mutations of GJA1 are associated with non-syndromic deafness of unclear aetiology (Liu et al. 2001; Cohen-Salmon et al. 2004) . In adult mice, however, Gja1 expression is limited to the spiral ligament, capillaries of stria vascularis and bone of the otic capsule and Gja7 expression is limited to capillary endothelial cells (Cohen-Salmon et al. 2004) . Gje1 is expressed in myelinating Schwann cells of the spiral ganglion. Mice that lack Gje1 (Cx29) have prolonged latencies in their auditory brain stem responses and acquire hearing with a delay (Tang et al. 2006) . Whether mutations of GJA7 or GJE1 are responsible for human deafness is currently unclear.
Cochlear acid-base transport
The main pH buffer in endolymph appears to be HCO 3 − /CO 2 . Proteins, due to their low concentration, play a minor role (Table 1 ). The significance of pH homeostasis in cochlear fluids is linked to the general pH sensitivity of ion channels, transporters and metabolic enzymes. Acute acidification of cochlear fluids by experimental manoeuvres have been shown to reduce the endocochlear potential (Sterkers et al. 1984; Ikeda et al. 1987b) . Acidification of cochlear fluids enhances J Physiol 576.1 free radical stress and hearing loss, whereas alkalinization has a protective effect (Tanaka et al. 2004) . Consistently, metabolic acidosis and impairment of cochlea pH regulation are associated with hearing loss.
The endolymphatic pH appears to depend on HCO 3 − and H + secretion and on carbonic anhydrase activity, although little is known about endolymphatic pH and HCO 3 − homeostasis (Sterkers et al. 1984; Ikeda et al. 1987b) . The largest source of metabolically generated CO 2 in the cochlea are marginal cells of stria vascularis (Marcus et al. 1978) . Metabolically derived CO 2 may be captured and converted to HCO 3 − by carbonic anhydrases expressed in high density in intermediate and basal cells of stria vascularis, in fibrocytes of the spiral ligament and spiral limbus and in red blood cells (Lim et al. 1983; Spicer & Schulte, 1991; Okamura et al. 1996) . Fibrocytes of the spiral ligament may take up HCO 3 − via the Na + -HCO 3 − cotransporter Slc4a7 and share HCO 3 − via gap junctions (Bok et al. 2003) .
It is conceivable that some fraction of HCO 3 − is cycled through endolymph. Support for the concept of HCO 3 − cycling comes from the observation that acoustic stimulation, which increases stria metabolism and CO 2 production, causes an alkalization of endolymph, which would be consistent with secretion of HCO 3 − into endolymph (Stankovic et al. 1997; Wangemann et al. 2004 ). In addition, interdental and outer sulcus epithelial cells express the Cl − -HCO 3 − exchanger Slc4a2 (Ae2) in their basolateral membrane (Stankovic et al. 1997) . Cochlear pH regulation appears to be important for the prevention of hearing loss. In particular, long-term effects of cochlear acidosis may limit energy metabolism, promote the generation of free radicals and activate the innate immune system. Mutations of Slc26a4 cause Pendred syndrome, which is the most common syndromic form of hereditary deafness associated with an enlarged vestibular aqueduct and euthyroid goitre (Everett et al. 1997; Reardon et al. 2000) . Deafness is sometimes late in onset and provoked by stresses such as light head injury or infection (Luxon et al. 2003) . Mice lacking Slc26a4 suffer from hearing loss and provide an excellent model of Pendred syndrome (Everett et al. 2001; Wangemann et al. 2004 ).
Mutations of subunits of H + -ATPase, including ATP6V1B1 or ATPV0A4, cause renal tubular acidosis with progressive sensorineural hearing loss (Karet et al. 1999; Stover et al. 2002) . Atp6v1b1 is expressed in a limited number of tissues including the acid secreting intercalated cells of the renal distal tubule and interdental cells of the cochlea. Mutations of ATP6V1B1 are generally associated with an early onset of sensorineural hearing loss whereas mutations of ATPV0A4, which is a more commonly expressed subunit of H + -ATPases, is generally associated with a later onset in hearing loss. The aetiology of the hearing loss is unclear. Interestingly, mice lacking functional expression of Atp6v1b1 differ significantly from the human phenotype. Humans bearing mutations of ATP6V1B1 generate an abnormally alkaline urine, develop a metabolic acidosis, lose Ca 2+ from bone, and suffer from growth retardation, rickets, calciuria, renal stone formation and hearing loss. In contrast, mice lacking functional expression of Atp6v1b1 did not develop metabolic acidosis although they generated a significantly more alkaline urine. In addition, mice do not suffer from calciuria, grow normally and have normal hearing (Dou et al. 2003; Finberg et al. 2005) . It is conceivable that these differences are due to compensatory pH regulatory mechanisms present in the murine cochlea. Alternatively, differences may indicate that hearing loss in humans is due to alteration in cochlear Ca 2+ homeostasis rather than pH regulation.
Cochlear Ca 2+ transport
The endolymphatic Ca 2+ concentration is critical for normal auditory function. Microphonic potentials and transduction currents generated by the sensory cells are blocked by elevated endolymphatic Ca 2+ concentrations and suppressed by reduced Ca 2+ concentrations (Tanaka et al. 1980; Ohmori, 1985) . Reduced endolymphatic Ca 2+ concentrations are also suspected to be the cause for hearing loss associated with vitamin D deficiency and hypoparathyroidism, two conditions that are associated with low plasma Ca 2+ concentrations (Brookes, 1983; Ikeda et al. 1987a) . Consistent with those observations, the endolymphatic Ca 2+ concentration is pathologically low in deaf-waddler mice and pathologically high in a surgically derived model of Menière's disease (Ninoyu & Meyer zum Gottesberge, 1986; Wood et al. 2004) . Ca 2+ absorption may occur through paracellular and transcellular pathways and may at least in part be driven by the endocochlear potential (Ikeda et al. 1987c) . Transcellular pathways may include uptake of Ca 2+ from endolymph via Ca 2+ permeable TRP channels (Ecac) and export into perilymph via Ca 2+ -ATPases and Na + -Ca 2+ exchangers, as described in the vestibular labyrinth (Yamauchi et al. 2005) . Ca 2+ secretion into endolymph may occur via Ca 2+ -ATPases rather than Na + -Ca 2+ exchangers (Ikeda & Morizono, 1988) . In particular, the Pmca2 Ca 2+ -ATPase Atp2b2 appears to be involved in Ca 2+ secretion based on the finding that deaf-waddler mice bear a loss-of-function mutation in Atp2b2 (Street et al. 1998; Wood et al. 2004) . Based on the limited expression of Atp2b2 in the cochlea, it is conceivable that Reissner's membrane secretes Ca 2+ into endolymph. Support for this concept comes from the finding that the Ca 2+ concentration in perilymph of scala vestibuli is lower than in scala tympani (Table 1) . In addition, Atp2b2 is expressed in the hair bundles of the sensory cells. The role of this Ca 2+ -ATPase may be restricted to the removal of Ca 2+ from the bundle (Apicella et al. 1997) .
Conclusion
Cellular homeostasis, homeostasis of cochlear fluids and the generation of the endocochlear potential are critically important for enabling and sustaining cochlear function. The importance of homeostasis is underscored by the fact that mutations of genes such as GJB2, GJB6, SLC26A4, BSND, KCNQ1, KCNE1 and KCNQ4 lead to deafness in humans and that spontaneous mutations of Kcne1 and Atp2b2, targeted mutations of Gjb2, and null mutations of Slc26a4, Slc12a2, Slc4a7, Gjb6, Kcnq1, Kcne1 and Kcnj10 lead to deafness in mouse models (Fig. 3) .
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